Southern Hemisphere than in the Northern Hemisphere. Nevertheless, in recent years the study of new mid and Late Cretaceous macrofloras from South America, Antarc tica, South Africa, Australia and New Zealand has increased understanding of Cretaceous Gondwana floras (Pole 1992; McLoughlin et al. 1995; Cantrill and Nichols 1996;  Rayner et al. 1997; Parrish et al. 1998; Passalia et al. 2001; Archangelsky et al. 2004) .
In southern South America the earliest reported angio sperm leaves are from the lower Aptian (Romero and Archangelsky 1986 ). Although several floras are known from Patagonia, our understanding of angiosperm leaves from this region is still in its infancy (Romero and Arguijo 1981; Passalia et al. 2001; Archangelsky et al. 2004) . Early studies by Berry (1928 Berry ( , 1937 and Frenguelli (1953) described a macroflora from the Mata Amarilla Forma tion in the Très Lagos area, Santa Cruz Province (Text fig. 1 ). A total of 21 genera and 25 species have been recognized for this flora, 14 genera and 18 species of which are angiosperm leaves. All of the taxa were based on limited descriptions, sometimes on fragmentary mater ial, and with erroneous stratigraphic assignments (Frengu elli 1953) . Field work in the area during 1999-2003 has yielded new fossiliferous localities in both the Mata Ama rilla Formation (Iglesias et al. 2002 Zamuner et al. 2004 ) and the underlying Piedra Clavada Formation (Poiré et al. 2004a) . These units are characterized by the presence of abundant impressions of angiosperm, fern and gymnosperm leaves, as well as permineralized conifer logs (Text- fig. 2 ).
A new (revised) macroflora of the angiosperm leaves recovered is described in this paper, and their tapho nomy and palaeoecology evaluated with respect to the
GEOLOGICAL SETTING AND SEDIMENTARY FACIES
The macroflora discussed is present in clastic sediments of the Mata Amarilla Formation (Feruglio in Fossa Man cini et al. 1938; Leanza 1972) in the Austral Basin (= Magallanes Basin) of southern Patagonia. The Austral Basin is located on the southern edge of the South American Plate, and its history is related to the Triassic break-up of south-west Gondwana, which resulted in the formation of a small marginal sea behind a developing magmatic arch (Biddle et al. 1986 ). This marginal sea closed during the mid-Cretaceous and became a foreland basin during the Late Cretaceous.
The Mata Amarilla Formation is dated as CenomanianConiacian based on ammonites found in associated mar ine facies (Riccardi and Rolleri 1980) . It overlies the Piedra Clavada Formation, which is considered to be of Albian age based on palynomorph and ammonite occurrences (Riccardi et al. 1987) , and underlies the La Anita Forma tion of Campanian age (Russo and Flores 1972; Riccardi and Rolleri 1980) . It consists of beds of white sandstone and pale and dark grey mudstones, and includes four con spicuous plant-rich levels (Text- fig. 2 ). Three of these lev els bear leaf impressions and the fourth consists of a petrified forest containing coniferous trees up to 120 m in diameter in life position ).
The formation comprises fluvio-deltaic deposits of the eastern margin of the Austral Basin (Arbe 2002) . On the basis of facies analysis and associations (Text- fig. 3 ), a change in the sedimentary environment from a tide-dom inated delta to a fluvial system has been inferred (Poiré et al. 2004b) . In its lower part some coquinas are consid ered to represent sporadic marine transgressions (Goin et al. 2002; Poiré et al. 2004b) .
Two localities contain levels of diverse, well-preserved fossil leaves. One of these is located in a ravine to the south of the Mata Amarilla Ranch (49°37'19"S and 71°07'55"W) (MAL in Text- fig. 1 ), next to outcrops stud ied by Berry in 1928 . The other is located 10 km to the south on the Maria Elena Ranch (49°40'42"S and 71°08'51"W) (MEL in Text- fig. 1 ). Both are on the flanks (north and south, respectively) of a vast plateau that extends in an east-west direction. The fossiliferous levels represent different palaeoenvironments. The lower section is interpreted as part of a delta complex (Poiré et al. 2004b) and has sandstone horizons containing inclined coniferous stumps and fine-grained sediments containing marine bivalves, gastropods, sharks and stromatolites. The lower plant-bearing horizon, MEL in Text-figure 2, occurs just above this section in a heterolithic facies bearing abundant well-preserved angiosperm leaves and twigs. This level is interpreted as a part of a subaerial delta-plain deposit. The upper plant-bearing horizon, MAL in Text figure 2, is found in extended lenticular deposits and mantle-like mudstone bodies with levels of dark mud stone. It is interpreted as a flood-plain deposit with mean dering fluvial channels and large lacustrine bodies. The leaves are very well preserved, frequently with cuticles, degrees of fragmentation varying from low, in laminated mudstones, to very high in heterolithic facies with ripple marks. Permineralized coniferous logs in horizontal posi tion are also found in this level. Both plant-bearing hori zons are within a continuous sequence of white sandstones and light and dark grey mudstones. There is no abrupt lithological change, rather a transition in depositional set ting from delta plain to a very low-energy fluvial system. The angiosperm leaves exhibit a mixture of generalized characters in their foliar architecture, which hinders sys tematic assignments. To avoid this problem, an informal system of foliar morphotypes was adopted that enables the discrimination of angiosperm diversity based on dis tinctive vegetative morphological patterns without formal systematic assignment. This has previously proven to be an effective tool for the analysis of Cretaceous angiosperm floras, enabling analysis of palaeoecology, biostratigraphy and palaeoclimatology (Crabtree 1987; Johnson 1989; Johnson and Hickey 1990; Zastawniak 1994; Archangelsky et al. 2004) .
MATERIAL AND METHODS
For the description of the leaves we have used the ter minology of Hickey (1973 Hickey ( , 1977 Hickey ( , 1979 and the corres ponding updated version of the Leaf Architecture Working Group (1999) . The leaves were divided into morphotypes following the criteria of Johnson (1989) , and revised by the Leaf Architecture Working Group (1999) . The morphotypes are named using two letters plus a three-digit number. Crabtree (1987) and Zastaw niak (1994) proposed grouping Cretaceous foliar forms in morphotypes but using different criteria; however, use of either of these two terminologies that relate foliar forms to a biological group was in our experience unsatisfactory. For the analysis and comparison of the angiosperm leaves within this flora and other Gondwana floras, we group distinct and related morphotypes based on one feature or a set of architectural features.
The number of samples was considered sufficient to characterize and determine the relative abundance of the morphotypes in each plant-bearing horizon. In order to standardize comparisons between taphocoenoses from dif ferent levels with different numbers of samples, the data were converted to percentages of each plant-bearing hori zon. Then for both of the plant-bearing levels MAL and MEL the relative abundance of each morphotype and the average foliar sizes were compared. fig. 4 ).
SYSTEMATIC PALAEONTOLOGY
Forms previously described by Berry (1928 Berry ( , 1937 as Peumus clarki and Laurophyllum proteafolium can be included in this morphotype: P. clarki Berry, 1928 Zastawniak (1994) from the Campanian-Maastrichtian of King George Island, Antarctica, although it includes more complete and variable leaves of lower rank. Lauroid leaves of low rank illustrated from the Cenomanian of New Zealand (Parrish et al. 1998 1379(a-c), 1380, 1381(a-b) , 1382-1384, 1385(a-b), 1452, 1558(a-b), 1559(a-b), 1560(a-b),  1561(a-b), 1562(a-b), 1563(a-b), 1564(a-c) Description. Simple leaves, very variable in shape and size, notophyll, microphyll, sometimes nanophyll or mesophyll, orbicularelliptical in shape, 3-0 cm mean length, 3-3 cm mean width (1-3-9-5 cm length, 0-9-13-1 cm width), symmetrical (Cantrill and Nichols 1996; Dutra and Batten 2000) and Patagonia (Berry 1925 (Berry , 1928 ). Two species previously described for the Mata Amarilla Formation, Sterculia sehuensis Berry, 1937 and Sterculia washburni Berry, 1928, (Crabtree 1987) but it differs in having an elliptical shape, up to nine lobules, and leaf bases that are not always cuneated.
There are several records of palmately lobed leaves in the Cretaceous of Gondwana. Araliaephyllum quinquelobatus Cantrill, 1996 was described from the upper Albian of east Antarctica. This taxon resembles MA106 in having a 3-5-palmately lobed shape and palinactinodromous ven ation with a similar sinus and lobe venation, but differs in having suprabasal palinactinodromous venation, weakly incised rounded sinuses, ovoid lobes and secondaries diverging in angles between 45 and 60 degrees. Pole (1992) described two palmatilobate leaves from the Cen omanian of New Zealand: one of these, 'parataxon' TARA 28, resembles the small trilobate leaves with actinodrom ous venation of MA106; the other, OU29458, was only illustrated by Pole (1992, p. 199, fig. 89 Description. Simple leaves, lanceolate-ovate. 7-9 cm mean length, 2-28 cm mean width (6-7-10-3 cm length; 1-6-3-0 cm width Remarks. Eight specimens have been assigned to this morphotype. Third order venation and tooth shape are distinct, although apex shape could not be determined. Likewise, the outline and margin are well preserved. The chartaceous texture is characteristic. The teeth are com parable with the chloranthoid type (Hickey and Wolfe 1975) ; no comparable forms are known from other Creta ceous floras from Gondwana.
DISCUSSION
Based on the characterization of 12 morphotypes and their association in six morphological groups, angiosperm leaf diversity has been estimated for sediments of Cenomanian-Coniacian age from the eastern margin of the Austral Basin, south-western Patagonia. Analysis of the abundance of major groups of plants indicates that the flora is represented by angiosperms (82 per cent), ferns (10 per cent) and conifers (8 per cent). This analysis has only been carried out for the MAL because, as dis cussed by Spicer (1980) , continental flood-plain facies better represent the original content of the leaf-litter. Fur thermore, fern and gymnosperm leaves (Text- fig. 10 Regarding laminar sizes of the angiosperms: in the MEL leaves range from 400 to 2500 mm2, with most fal ling between the microphyll (most frequent) and meso phyll size classes. In the MAL leaf size is mainly less than 500 mm2, corresponding to nanophyll or microphyll size classes (Text- fig. 13 ). The pattern of size in each level could be related to different types of transport before deposition (Spicer 1980) .
From a comparative study of fossil plants, taphonomy and sedimentary analysis of the Mata Amarilla Formation, significant preservational differences are apparent between the two plant-bearing levels. The leaves from the MEL show a predominant degradation of the lamina, which is consis tent with organic decomposition, whereas in the MAL, the presence of fractures in the foliar margins suggests degrad ation by relatively high-energy sedimentary processes.
The degree of fragmentation in each level was estima ted based on whether it was possible to measure the total length of each specimen. In the lower level the degree of fragmentation is low (29 per cent) whereas in the upper level it is very high (80 per cent). Cantrill and Nichols 1996) . Mata Amarilla is coeval and located at the same palaeolatitude as the Cenomanian Winton Flora of north-west Australia, which was described by McLoughlin et al. (1995) . The leaf morphotypes from Mata Amarilla resemble, but are not related to, the Win ton flora. The latter is dominated by gymnosperms and has eight angiosperm leaves with prevailing dentate or deeply cleft margins and mucronate teeth. Winton angio sperms also have a different leaf-size distribution with notophyll size predominant and less representation of microphyll and mesophyll sizes. In contrast, the Mata Amarilla flora has 12 morphotypes, with microphyll and nanophyll sizes prevailing (Text- fig. 13 ). The Winton Flora represents the earliest record of a macroflora with slightly varied angiosperm leaves for eastern Gondwana. For south-western Gondwana, Mata Amarilla represents the first evidence of a flora containing abundant and more diverse angiosperm leaves. Pole (1992) (Pole 1992) . This size distribution is markedly different from that of the Mata Amarilla flora (Text fig-13 ).
In southern Africa there is a flora of CenomanianConiacian age from near the town of Orapa, north-cen tral Botswana. This flora is known only in general aspect (Rayner et al. 1997) . It is dominated by angiosperms. The leaves are mostly microphyllous and 45 per cent of them have an entire margin. Biodiversity of the Orapa flora is apparently higher than at any other site in Gondwana, in including 29 foliar types from simple to pinnately lobed. They are very different from those of Mata Amarilla; this may be accounted for by the fact that the African flora is from lacustrine sediments that accumulated in a volcanic environment. Cantrill and Nichols (1996) described seven angiosperm foliar types from the upper Albian of the west of the Ant arctic Peninsula. Only one of these, Araliaephyllum quinquelobatus, is comparable with a morphotype in the Mata Amarilla flora (MA106), but the distribution of size clas ses is similar.
Taking into account generalized leaf types known from Gondwana (Zastawniak 1994; Archangelsky et al. 2004) , Mata Amarilla Groups 3-5 could be considered as 'Myrtophyll', 'Pentalobophyll' and 'Pinnatilobulophyll', respectively. 'Myrtophyll' leaves in southern South Amer ica appeared in Albian times, dominating poorly diversi fied floras (Passalia et al. 2001) . This foliar type continues into the Cenomanian-Coniacian, diversifying and main taining its dominance in some deposits such as the MAL. In Antarctica this type apparently first appears in the Campanian-Maastrichtian (Zastawniak 1994) .
Palmately lobed palinactinodromous leaves are known for some Cretaceous localities in Gondwana. The first record is in late Albian deposits in Antarctica (Cantrill and Nichols 1996) . In the Cenomanian-Coniacian they radiated to New Zealand (Pole 1992) and southern South America (Mata Amarilla Formation).
Pinnately lobed leaves are known from the Upper Cretaceous in South America and north-east Australia. The earliest record is from early Aptian beds in Pata gonia, and is of dentate to serrate forms (Romero and Archangelsky 1986 ). They continue with entire margins in the Cenomanian-Coniacian Mata Amarilla Formation (MA107 and 108) following later with different character istics in the Campanian of south-west New Zealand (Pole 1992) .
CONCLUSIONS
The composition, characteristics and preservation of the foliar remains of the two plant-bearing levels, MEL and MAL, and their sedimentary facies suggest that two differ ent types of plant community are represented in the Mata Amarilla Formation. The lower level (MEL) accumulated in a marine coastal area over the subaerial delta plain where the canopy was represented by conifers ) and the herbaceous, shrub and small tree flora was represented by angiosperm groups, with leaves of Groups 1 and 2 dominant. The upper level (MAL) accumulated in an inland, flood-plain setting and is char acterized by a good representation of both herbaceous and arboreal taxa. The herbaceous component mainly consisted of ferns along with a canopy of conifers (Poire et al. 2004a) . The most abundant angiosperms with leaves of Groups 1, 3 and 4 represent the low arboreal and/or herbaceous/shrub vegetation.
The different states of biological degradation in the foliar assemblage indicate that leaf fall was constant and that the plants were not deciduous. The presence of fun gal activity suggests high temperatures and high relative humidity.
The Cenomanian witnessed one of the main diversifica tions in angiosperm foliar types and plasticity with adap tation of the plants to different environments. As in the rest of the world, the Cenomanian of Patagonia contains the beginnings of angiosperm domination of macrofloras. Compared with other middle-lower Upper Cretaceous taphofloras known from the Southern Hemisphere, the Mata Amarilla Formation shows a slightly greater mor phological diversity of angiosperm leaves, providing the first evidence of an angiosperm-dominated macroflora in south-west Gondwana.
More research is needed to gain a better understanding of the evolution and diversification of angiosperms in Gondwanan Cretaceous macrofloras and the palaeo biogeography of Gondwana. Future analyses of Creta ceous macrofloras from Patagonia, currently under way, will contribute to this.
